Abstract-A compact 3D stacked patch antenna is presented for microwave head imaging application. Stacked patch technique is utilized to achieve unidirectional radiation pattern and folding technique is used to achieve resonance at lower frequency that are the requirements for imaging system. Shorting wall is introduced to minimize the overall antenna structure. The proposed antenna resonance frequency is 2.65-2.91 GHz with an average gain of 6.6 dBi at 2.7 GHz. The dimension of the antenna is 25 × 25 × 10.5 mm 3 . The operating frequency of the proposed antenna is suitable for human brain imaging. The sensor characteristic of the proposed antenna is affiliated via connection with the imaging entity, miniaturized dimension and high radiation efficiency. Raster scanning is deployed to achieve the 2D image of the target phantom and it is shown that the proposed highly directional antenna can detect tumor inside the human brain phantom.
I.INTRODUCTION
MICROWAVE imaging technique is recently given higher priority due to its low cost, portability and side effect minimization nature compared to other existing solutions. One of the most important and sophisticated filed in imaging is human head-imaging (HHI).There are a number of brain diseases which if not detected at early stage, might end up resulting in premature death. The frequency specification for HHI is from 1-4 GHz [1] . In Microwave imaging, the antenna is the key element for connection between the head and the back end of the microwave imaging system. The dimension and radiation characteristics of the antenna control the overall microwave imaging performance greatly. To be portable and at the same time have all the characteristics desired by the microwave imaging system is a challenging task specifically when it comes to the most sensitive part of human body (head). As HHI frequency specification is at the low microwave frequency band, the dimension of the antenna needs to fulfill the minimum requirement [1] . This specific band for HHI is used to have a reasonable compromise between the resultant microwave image resolution and the penetration of the microwave signal inside the head. Another reason behind the low microwave frequency selection is to limit the human head exposing to the radiation power well within acceptable range [2] . One important characteristic for any imaging antenna is high directivity which makes the positioning of the imaging process much easier and the processing of the image becomes simpler. With a highly directive antenna, the precision of the traumatic tissue detection grows to be much effective. To attain high directivity and gain in the antennas of microwave imaging system, a few efforts has been made recently [3] [4] [5] . Dielectric resonator antenna (DRA) with 3-D structure is reported to have a wide bandwidth [3] .
However, the directivity of the antenna is not much suitable for the HHI. Also in [6] and [7] , the band of interest is covered for HHI. Nonetheless, in these cases the gain of the antenna is 4 dBi and 2.5 dBi respectively at the operating range and the radiation pattern is not highly directive. To make the microwave imaging system portable, the miniaturization of the antenna dimension is also necessary [4, 6] . A new approach is required to increase the gain, directivity, as well as the miniaturization of the antenna dimension to meet the portability specification.
In this letter, a 3-D structure is proposed with the heterogeneous combination of conventional 3-D antenna design techniques and post optimization. A parallel structure is attached with the feeding structure of the antenna to achieve resonance at lower frequency. Then the structure folded using parametric studies to achieve miniaturization and low frequency operation. To reduce the effect of folding, a square shaped patch is introduced at the end of the folded structure which also aids to achieve high gain. Stacked patch is used to achieve unidirectional radiation pattern throughout the operating frequency. The final structure achieves a constant gain of 6.6 dBi throughout the frequency ranging from 2.65-2.91 GHz. The proposed 3-D structure is compact in size and highly unidirectional towards the normal of the xy-plane.
II.DESIGN OF THE 3-D STRUCTURE
Coaxial probe feeding reduces the spurious radiation occurred by other feeding method; hence it is applied to the design structure. Due to high Q leakage of the resonator, coaxial probing system depicts a restricted resonance bandwidth. Also, with the increment in probe length, the inductance along the line of probe becomes more effective which results in narrow bandwidth. By decreasing the length of the probe, this inductance can be controlled. The lower microwave frequency range highly depends is limited by the frequency it is operating on. To achieve low frequency and miniaturization effectively, folding technique must be used. Fig. 1 exhibits the geometry of the antenna. The proposed structure is built at the center of a square shaped ground plane. To reduce the overall size of the antenna, a shorting wall is extended until the ground plane of the antenna [8, 9] which makes the antenna to resonate at a lower frequency. The width of the shorting wall is kept same as the radiating plane of the structure for simplicity. The lower patch is Ushaped and directly connected with the coaxial probe. The placement of the coaxial probe is crucial relative to the lower patch and optimized to achieve desired performance (not shown for brevity). To achieve decreased inductance at the operating frequency, the height of the probe is minimized. The overall length of the patch sitting on the lower patch is x = 55.5 mm as shown in Fig. 1 (b) . The resonance frequency for this dimension can be roughly calculated using the equation described in [10]:
Here, c is the speed of light, fr is the center frequency of the resonance band, Ɛr is the relative permittivity of the antenna material and x is the overall length of the upper patch. The shorting wall and the radiating antenna are constructed using0.2 mm thick copper sheets. Air is the substrate for the whole antenna structure; hence, the structure over the plain copper ground plane is entirely supported by the coaxial probe and the shorting pin. The structure has an overall height of 10.5 mm (from the ground plane until the upper patch) and the probe height is set to be 3 mm to achieve miniaturized dimension. Fig. 1 (b) depicts the cross section of the structure. The antenna is composed of a shorting wall, lower patch (U-shaped) and an upper patch. A simplified process to construct the antenna structure using a 2D copper sheet as shown in Fig. 1 (c). Bending the points as shown in the picture, will result in the shorting wall included with the upper patch. Then the upper patch needs to be set over the corners of the U-shaped lower patch. The structure is symmetrical at the xz-plane. The points of bending are kept at a distance from the feeding point to minimize the disturbance of the current concentration [11, 12] .The upper patch is rectangle shaped, held by the bended extensions from the lower patch. Through parametric studies, the gap between the patches is optimized to be d. The height of the square patch from the ground is e+d. The proportion of coupling between the two patches can be used to tune the resonance frequency of the structure. To achieve higher gain, both patches are stacked at a position to achieve high directivity normal to the ground plane of the antenna. With the change in the size of the rectangular patch, the radiation pattern of the antenna changes gradually. The rectangular patch actively couples with the U-shaped patch hence passively coupling with the coaxial probe beneath the lower patch, the reactance decreases at the feeding point with the increment in resistance of the input impedance. Through parametric studies, it can be observed that -a‖ plays an important role in tuning the resonance frequency of the antenna. The coupling effect between the U-shaped patch and the lower part (before bending) of the rectangular patch cancels the reactance in between which results in increment in the real impedance. Fig. 2 depicts the (a) surface current and vector E-field distribution of the proposed antenna. From Fig. 2  (a) , it can be observed that the direction of current flow is heading towards the main beam point of the radiation pattern and maximum current density is occurring at the edge of the stacked patches connection point. Hence direct connection between the patches is crucial for the design. Moreover, the current flow direction from the shorting wall towards the main patch confirms the mechanism of the wall for the particular frequency. Fig. 2 (b) shows the vector E-field where the field is stronger over the feeding point of the stacked patches, hence a high directivity can be observed toward the +z direction. At the edge of the patch connection, the amount of power is almost identical for the two patches and cancelling each other. However, due to the comparatively strong E-field at the back (-z direction) of the 1 st patch, the back lobe of the radiation pattern results in at 2.7 GHz.
III,RESULTS AND DISCUSSION a. Antenna Characteristics
The optimum design with the dimensions listed in Table I was fabricated and tested. The antenna was first built in three planar fragments, then bending one part and soldered together. The simulated and measured reflection coefficients (S11) of the antenna are presented in Fig. 3(a) . The antenna has a measured S11 below -10 dB at 2.65-2.91 GHz. The antenna gain was simulated and measured in Satimo near field anechoic chamber (Star Lab) along the main radiation (direction). It can be seen from Fig. 3(b) that the antenna has a high gain with a peak value of 6.60 dBi. To ensure that antenna radiates most of its accepted power in the forward direction, its far-field radiation patterns were simulated and measured, and the results at 2.7 GHz frequency is presented in Fig. 3(c) . The antenna shows a unidirectional radiation pattern with a peak measured front-to-back ratio (FBR) (direction) of 19 dB which is greater than [4] [13] . The antenna has negligible cross polarization, which is not presented for brevity. The overall simulated and measured performances of the antenna are in reasonable agreement. The small discrepancies at certain frequencies are due to the fabrication errors from the imperfect manual building of the 3-D antenna structure. Figure 3(d) also illustrates the E-filed distribution of the used phantom at 2.70 GHz.
b. Microwave Imaging setup and measurement
The proposed antenna is tested for the detection of abnormal tissue in brain by utilizing microwave imaging technology in computational environment. The set-up for the anomaly tissue detection begins with detecting element, which is the proposed antenna, and the model of human brain tissue along with the bone and other layers involved. A symmetrical brain phantom is developed with the characteristics shown in Table 2 [14-16]. Two antennas are used to scan the brain structure where one is the transmitter and the other one is the receiver antenna. The signal passes through the brain model while antennas are transmitting and receiving. The antennas are moved at plane symmetry to each other and moved within the surface of the phantom to achieve 2-D scanning of the whole brain. As the brain is covered by the hardest structure of the human body, it is not possible to compress or reshape the brain structure. Fig. 4 shows the brain phantom with the necessary properties that are considered here. Both the antennas are kept at 20 mm distance from the brain. While scanning the breast of human body [17], the antennas do not need to be as highly directional compared to when scanning a brain. This is because breast has no bone structure whereas; brain tissue is covered by the thick layer of compact (cortical) bone [15] and microwave signal can be easily reflected and refracted from this dense bone structure. To overcome this challenge, the proposed antenna is made highly directional with ignorable amount of back-lobe power. This imaging setup bares the advantages of (i) no external coupling liquid, (ii) direct coupling between antennas through the tissue (high near field directivity), and (iii) the image processing is simple. To get calibrated sensing response from the setup, the response between antennas without the phantom, S21 background measurement is taken at yz-plane (no scattering is present and considering the background medium) which is the difference from the ideal case to the practical measurement environment. Later, this measurement |S21 background | is deducted from the measurement |S21 measurement | which includes the brain phantom in the middle of the propagation way, where all the measurements are taken at the yz-plane. With the background portion removed from the measurement response, the output of the calculation shown in (2) Fig. 4 , the human brain phantom is constructed using the parameters given in Table 2 . The experiment is performed on a healthy and unhealthy (malignant) brain. The S21 parameter is acquired in an area of 140 mm ×140 mm where the sampling rate is 5 mm. Fig. 5(a)-(b) show the images obtained from |S21 calibrated | at 2.7 GHz. The actual location of the tumor is portrayed by red color sensitivity. From these figure, it can be observed that the location of the tumor can be identified with high resolution and sensitivity processing in the malignant brain with red color , whereas the healthy brain has no significant scattered with same color (blue) scale. The overall performance of the obtained results confirm the suitability of the antenna in the microwave imaging application. 
IV.CONCLUSION
In this paper, a 3-D antenna is presented that utilizes stacked patch with folding technique for miniaturization of the antenna dimension. The antenna is compact in size with a dimension of 0.23λ × 0.23λ × 0.09λ. The antenna has a high directivity throughout the operating frequency while the size is kept compact. A shorting wall is used for the antenna to resonate at a lower frequency with high gain. The radiation characteristic of the antenna is appropriate for highly directive application. The proposed unidirectional antenna has a pick front to back ratio of 19 dB. The average gain of the antenna is 6.6 dBi in the achieved operating band 2.65 GHz to 2.91 GHz. This characteristic makes the antenna a perfect candidate for microwave head imaging application. The performance of the antenna is evaluated by successfully detected a tumor in a human brain phantom through raster scanning imaging method of a 2D plane. Air substrate and 0.2 mm thick copper sheet is utilized to construct the antenna.
